The principle question "How much can water regime be impacted by change of land use" is often discussed by hydrologists (Falkenmark et al. 1999) as well as by the public, particularly after flood events. Therefore, it is very appropriate to investigate this problem more deeply when the common rural EU policy leads to massive land use changes.
The principle question "How much can water regime be impacted by change of land use" is often discussed by hydrologists (Falkenmark et al. 1999) as well as by the public, particularly after flood events. Therefore, it is very appropriate to investigate this problem more deeply when the common rural EU policy leads to massive land use changes.
First, it should be clear that the most important factors affecting direct runoff is the rainfall depth and duration, and then other factors, namely climatic and physiographic conditions, land use, etc. Which of these factors could influence the rainfallrunoff process to a greater or lesser degree, was the aim of this paper, in general. This investigation focused on specific land use changes. There were two major approaches used: -Water balance analysis of long-term period of rainfall, runoff and free water evaporation on the Všeminka experimental catchment in the period 1990-2000 with particular emphasis on land use change on significant water balance components. -Rainfall-runoff analysis of isolated short-term events investigating the influence of land use changes on direct runoff hydrograph, its shape and peak. Both approaches were applied through the implementation of the adequate mathematical models.
MATERIAL, METHODS AND RESULTS

Experimental catchments
Data from ten Czech experimental catchments were analysed to reconstruct and to simulate both water balance of a long time series and the selected isolated flood events of short time duration. The selected data from the following catchments was then used:
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ABSTRACT
The paper is focused on the impact of land use changes on water regime. First, an emphasis was given to what extent the main components of the water balance on the experimental catchment Všeminka (region Vsetínské Hills) were influenced. For this reason, the WBCM-5 model was implemented for the period of 10 years in a daily step with a particular reference to simulate the components of direct runoff and of subsurface water recharge. In the selected years of the period 1990-2000, the major changes were made in land use and also the significant fluctuation of rainfall-runoff regimes were observed (e.g. dry year 1992 and flood year 1997). After WBCM-5 parameter calibration it was found that some water balance components can change in relation to substantial land use changes even up to tens of percent in a balance-consideration, i.e. in daily, monthly and yearly or decade values, namely the components of interception and also of direct runoff and of subsurface water recharge. However, a different situation appears when investigating significant short-term rainfall-runoff processes. There were about seven real flood events analysed using the model KINFIL-2 (time step 0.5 hr) during the same period of about 10 years on the same catchment. Furthermore, some land use change positive or negative scenarios were also analysed there. As opposed to long-term water balance analyses, there was never achieved any greater differences in the hydrograph peak or volume than 10%. Summarising, it is always important to distinguish a possible land use change impact in either long-term balance or short-term runoff consideration, otherwise a misunderstanding might be easily made, as can often be found when commenting on the impact on floods in some mass media. This paper summarises the results of some catchments mentioned above. However, the main emphasis was put on the catchment Všeminka, which was explored deeply in detail, and also for other similar projects in forest hydrology and water resources management (Kovář et al. 2002 (Kovář et al. , 2004 .
Keywords
Introducing briefly, the Všeminka catchment has a hilly topography with an area of 21.5 km 2 . Its land use and the main physiographic characteristics are given in Table 1 .
Other characteristics, such as hydrological soil groups, their physical properties, land use mosaic pattern, forest species, etc. are published elsewhere (Kovář et al. 2001 ).
Water balance modelling
The simulation of water balance on the Všeminka catchment for the sake of water regime dependence on land use change was implemented by the WBCM-5 model (Kovář et al. 2001 (Kovář et al. , 2004 . The structure of the model is physically based with a mathematical description of the mutually interconnected hydrological processes in the time step ∆t = 1 day, as follows: -potential evapotranspiration, PE -interception AIR -direct runoff generation and its transformation, SOF -soil moisture dynamics of the upper soil zone (active zone SMC) -unsaturated zone dynamics ∆WP and actual evapotranspiration AE -saturated zone dynamics ∆WZ, groundwater flow GWF, total flow STF Volumetric fit of all water balance storages is controlled through the water balance equation:
where: SRAIN is rainfall depth (mm), AE actual evapotranspiration (mm), STF total runoff (mm), ∆WP change of soil moisture content of unsaturated zone (mm), ∆WZ change of subsurface water, there: ∆W = ∆WP + ∆WZ (mm).
The core of WBCM-5 model is unsaturated soil water dynamics (its filling and exhaustion), which is described by the Richards equation, numerically solved in the form of finite differences: (2) where:
The WBCM-5 model was used for the simulation of five scenarios, representing the changes of land use on the Všeminka catchment with data of the flood year 1997. The changes of main water balance components, i.e. total runoff STF, direct runoff SOF, actual evapotranspiration AE, total interception AIR, and changes of subsurface water storage ∆W, have been published earlier (Kovář et al. 2004 ). There are only three basic scenarios of land use change in this paper as follows: Scenario 0: The existing situation according to the measured hydrometeorologic data on daily values of rainfall (Slušovice), free water evaporation (Vizovice) and runoff at the outlet (Slušovice). Scenario A: The situation of the Všeminka catchment after 50% deforestation when cutting forest more than 40 years old on slopes steeper than 20%. Scenario E: It is representing the target situation when, 155 ha of arable land is grassed and 171 ha of meadows is afforested. Table 2 provides the changes of the WBCM-5 model parameters which reflect land use changes. The physical meaning of those parameters is the following: DROT -depth of "active zone" that basically reflects direct runoff formation (mm) CN -curve number of the catchment (according to the U.S. Soil Conservation Service) (-) WIC -upper limit of the interception canopy (mm) 
BK -coefficient of the master depletion curve of the catchment (days) Table 3 gives the value of the main components of water balance in the existing situation (calibrated values) and in both scenarios (A, E) for flood year 1997.
The changed values of the most important water balance components, i.e. direct runoff SOF and subsurface water storage ∆W (printed below in bold) provide the graph on Figure 1 .
The results achieved in various implementations of the water balance model WBCM-5, clearly shows that the total flow STF and direct flow SOF are in logical relationships with land use changes, scenario A varies up to +22%, and scenario E as much as -29%, in each case when compared to the existing status, i.e. scenario 0. The practical impact of scenario E is evident in the context of non-structural flood measures. The changes of subsurface water storage ∆W are important too, namely from the water balance viewpoint when the variance between the preferred scenario E, and least-preferred scenario A, differs by up to 65 mm. On the other hand, the values of actual evapotranspiration AE do not differ significantly (to 10 mm only) because of the non-homogenous character of the catchment.
Isolated rainfall-runoff events
Another tool in the form of the KINFIL-2 model was used for the simulation of short isolated rainfall-runoff events on small catchments. This model is based on the solution of infiltration process using the GreenAmpt approach according to the Morel-Seytoux method (Morel-Seytoux and Verdin 1981): The basic task, when implementing the KINFIL-2 model, is the determination of soil parameters K s and S f (at field capacity FC value) which correspond to their conceptual values CN = f(K s , S f ) (MorelSeytoux and Verdin 1981, Kovář et al. 2001) . The second component of the model is its runoff part simulating the propagation and transformation of direct runoff by kinematic wave: Eq. (6) is a core of the direct runoff component of the KINFIL-2 model, and in its programmed version is solved using the Lax-Wendroff explicit scheme after transforming it into the finite difference form. Both models, KINFIL-2 as well as WBCM-5 were first used for the reconstruction of the rainfall-runoff events of the year 1997. However, as opposed to the WBCM-5 model implemented throughout the whole year, the KINFIL-2 model was only used for two significant flood events in July 1997. Table 4 provides the most important characteristics of both flood waves when antecedent catchment saturation was on the 3 rd degree, i.e. on the field capacity of upper soil layer.
The resulting hydrographs of both reconstructed flood waves by the KINFIL-2 provide Figure 2a ,b. The fit of measured and computed hydrographs is very close which testify how well the model parameters are calibrated. This high degree of fit has encouraged the next step, which was a scenario simulation. For this, the same scenarios, A (50% forest cut) and E (target optimal land use) as in the WBCM-5 model were implemented. Table 5 below shows the changes of the KINFIL-2 parameters reflecting the corresponding changes in land use on the Všeminka catchment.
Besides the reconstructed hydrographs, Figure 2a ,b also provide the designed scenario hydrographs deterministically corresponding to the changed land use on the Všeminka catchment. The changed discharges, in coincidence of the analyses made on other experimental catchments, are not significant and they do not exceed the differences higher than 10% in hydrograph peaks as well as in runoff volume. 
DISCUSSION
This paper is the last result from the series of experiments that focused on scenario simulations of land use and their rainfall-runoff reactions. Short-term flood events investigated on several experimental catchments (Jizerské hory -Černá Nisa and Kamenice, Železné hory -Dolský potok, Kotelský potok), particularly Dřevnice and Všeminka (Vsetínské vrchy) were tested by the KINFIL-2 model with the short time step ∆t = 0.5 hr. None of the realistic land use changes, including very robust impacts (50% deforestation), caused the increase of peak discharges of more than 10% (exceptionally 15%) on more than 30 examined events. There were a few exceptions (three only) of between 10% and 15% increase on the catchments Všeminka and Rusava. All "positive 
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Prof. Ing. Pavel Kovář, DrSc., Česká zemědělská univerzita v Praze, 165 21 Praha 6-Suchdol, Česká republika phone: + 420 224 382 148, fax: + 420 234 381 848, e-mail: kovar@fle.czu.cz scenarios" representing the change of arable land to permanent grassland or afforestation might decrease peak discharges to 5%-10% (e.g. Černičí catchment with 8.2% to 8.6%). Long-term water balance simulation, with the time step ∆t = 1 day on the same catchments, however, have shown that the major water balance components usually change depending on land use changes much more significantly even in the order of tens of percent. In particular, total runoff and specifically direct runoff components are sensitive to land use changes in a long-term scale similarly, infiltration, recharging subsurface water storage is usually in a reciprocal relation with direct runoff. These two last components are very important as a criterion of positive or negative impact of land use change. Furthermore, it is very logical in water balance accounting, that interception component, in general, depends on a vegetation stage and on canopy quality. Therefore, deforestation, specifically before a substitutive weed-herb canopy has grown, affects actual evapotranspiration.
It is evident that, through implementation of both models, KINFIL-2 and WBCM-5, it has been found that the changes of the major balance components in the tested periods were much greater than those in short flood events in reaction to land use changes. In particular, direct runoff in a longterm balance scale can be affected by expressive land use even to several tens of percent, while in the short-term, flood events as mentioned above, to a maximum of only 10% to 15%. Therefore, it is necessary to distinguish clearly whether runoff of events, or of balance-periods as a reaction of land use change, is to be separately evaluated.
